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Summary 
With the extremely fast development of economics in China recent years, many servious 
environmental problems arises, especially the industry pollution causes some deadly 
negative influence on human beings and the ecology. 
 
In this paper, the author will analyze the functions of  formal and informal regulations and 
test the effect of government monitoring on emission. How to integrate them to control the 
industry water pollution is also a very interesting topic.  
 
In the chapter one, the thesis introduced the research background. The author described the 
current industry water pollution situation in China especially considering Haihe River to be 
an example to analyze the problem. And also how the government regulate the pollutions is 
mentioned, for instance, the normal regulations on environmental pollutions and so on. 
 
In the chapter two, the thesis lists some papers on the relative research. Some researches 
have been done well in the western countries. And they afford many good ideas to solve the 
problems. The author will absorb some their ideas to fulfill the research in China. 
 
In the chapter three, the environmental regulations in China are explained in detail. It will 
give a clear impression on current environmental rules in China. The government has taken 
several actions to control the pollution. Formal and informal instruments are commonly used 
to regulate the industry pollution. Formal regulations include command and control 
instrument, marketed-based instrument; informal regulations like lobbying, petitioning and 
public disclosure. 
 
In the chapter four, the model has been developed. The thesis assumed to minimize the firms 
costs, then we developed the structral form and reduced form to discuss the effect of 
government inspection on pollution discharge. The costs contain the production costs and the 
penalty if the firms discharge the emission beyond the national standards. The paper also 
illustrated the relationships among all the factors. It helps us to have a good understanding of 
how they work. In this part, the roles of firms, government and community are introduced. 
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How to use model to demonstrate the effect of government monitoring and community on 
emission is also available in this part. Two reduced forms was established; one dependend 
variable is emission, the other dependent variable is monitoring. Most interesting, the 
emission is a factor to influence the monitoring as an independent variable in the equation. 
Also the monitoring is also a factor to influence the emission vice verse. 
 
In the chapter five, two stage least squares(2SLS) was used to test the consequence of 
government monitoring on emission and also other factors on emission and monitoring 
through the software Stata. Monitoring (m) is a problematic causal variable. It is an 
endogenous variable whose disturbance term is posited to be correlated with the disturbance 
term of another endogenous variable Emission (e) on which it has a direct effect. Then m is 
replaced by substitute in the first stage of 2SLS. Community characteristics (c) is the 
instrument to be used in the first stage of 2SLS to create the new variables. This is 
accomplished using OLS regression, with the problematic causal variable m as the 
dependent and instrumental variables as the independents. The predicted values of this 
regression equation are the values of the new causal variable which replaces the problematic 
causal variable m. In stage two, the new variable will be uncorrelated with the disturbance 
term of the endogenous variable. The recursive assumption will no longer be violated. Then 
we can proceed stage two, which is simply an ordinary least squares (OLS) regression, but 
using the newly created instrumental variables. The industry in China was categrated into 
two parts: light industry and heavy industry. And also according to the scale of manufactures, 
it is seperated into three sections: large, median and small. From the results, we see that as 
we suspect, wastewater discharge equation and the monitoring equation are not independent. 
And the community has a great influence on the government monitoring. It not only affords 
the useful unreachable information by the government, but also gives a potential pressure on 
the government enforcement. So the quality and the characteristics of community are very 
important to determin the enforcement of government monitoring. 
 
In the chapter six, the tradable permit system was introduced, which is another try to optimal 
control the industry water pollution in China. Haihe River was used to be a pilot programme. 
According to the definition of  whether tradable permit system is doable developed by some 
other authors, the author trys testing whether tradable permit system is permittable in China. 
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In the last chapter, it is the result that integrating formal and informal regulations is the 
optimal way to control the industry water pollution in China. And also government 
monitoring has a positive effect on controlling the pollution. 
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Abstract 
In this paper, we empirically examine the effectiveness of existed several economic 
instruments in 31 provinces in China and develop the ways that could control the industrial 
pollution effectively. Although the current pollution norms and the informal pressure have a 
positive effect on controlling the water pollution in China, there are still some tasks we are 
supposed to do to improve the water quality. In this paper, the author suggests testing the 
monitoring and enforcement efforts of city wastewater pollution control authorities, which 
are affected by local community characteristics that act as proxies for political power. We 
utilize the dataset of plant-level annual emission data from 31 provinces in China to serve 
the model environmental pollution equilibrium. Use demand for residual disposal service 
and supply of residual disposal service to test the efficiency of the community on 
government monitoring enforcement. And also it indicates the regulations; formal and 
informal have positive effects on pollution abatement. Develop the integrated ways that puts 
more emphasis on the combination of control and command approaches, market-based 
approaches and the informal regulation with the cooperation of government, communities 
and the polluters. 
 
Key words: equilibrium pollution, supply of residual disposal service, demand for residual 
disposal service, industrial pollution, informal regulation, control and command, tradable 
discharge permit (TDP), community, monitoring 
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Chapter 1 Introduction and Background 
With the extreme development of economics in China, we are facing up to more and more 
pollution problems. And even now the pollution problems in China have been a hot 
international topic around the world. The government is closing eyes on how to control the 
industry pollution and treats it as a main task to enforce in recent years.  
 
The industry plants face various pressures from how to abate the pollution. On the one hand, 
the regulators in local and central governments can enforce formal regulations to regulate the 
industry pollution, for instance, charging pollution charges and closing down the illegal 
plants are the most common actions of enforcing. The pollution charge instrument has been 
practiced in China for about 20 years. Wang et al., (2002) has tested the efficiency of the 
pollution charge instrument in China using one thousand large and medium Chinese 
industrial polluters. The results show that plant-level expenditures on end-of-pipe 
wastewater treatment are strongly responsive to the pollution charges. Other command and 
control regulatory approaches, however, are not found to have systematic and significant 
impacts on abatement expenditures. 
 
Pargal and Wheeler (1996), Wang( 1996) had done the research on the bargaining power of 
the industry plants in China. They found that most state-owned enterprises have a greater 
bargaining power with the government. While other types of plants like the private and 
collective plants have less bargaining power. They have to follow much stricter regulations 
compared with the state-owned plants.  
 
On the other hand, the communities play a new role to regulate the industry pollution recent 
years in China. In recent years, some authors have done the similar researches around the 
world. Pargal et al. (1997) tested and supported the informal regulation hypothesis that 
communities are often able to negotiate with or otherwise informally pressure polluting 
plants in the vicinity to clean up when formal regulatory mechanisms are absent or 
ineffective. With data on industries in the United States, Pargal et al.(1997) provided support 
for the idea that community based pressure on plants to abate pollution exists even in the 
presence of formal regulation. Under formal regulation, the government acts as an agent for 
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the community. Frequently employed regulatory instruments include both command and 
control instruments such as effluent discharge standards and market-based instruments such 
as emissions charges. When formal regulations are absent or weak, many communities have 
struck bargains for pollution abatement with local factories. As pointed in Pargal et al.(1997), 
this community-based informal regulation may take many different forms including demands 
for compensation by community groups, social ostracism of the firm's employees, the threat 
of physical violence, boycotting the firm's products, and monitoring and publicizing the 
firm's emissions. They may rely on the leverage provided by recourse to civil law or pressure 
through politicians and local administrators, or religious leaders. When formal regulatory 
standards and institutions exist, informal regulation can still play a significant role in 
providing incentives for polluters to abate pollution. One tactic a community can use is 
simply reporting the violation of legal standards. Another channel for informal regulation is 
to pressure regulators to tighten local monitoring and enforcement. 
 
This paper reports the empirical results of the monitoring and enforcement efforts of city 
wastewater pollution control authorities, which are affected by local community 
characteristics that act as proxies for political power. The bargaining power of the 
communities is reflecting the government monitoring enforcement, which is a kind of formal 
regulation. Gray and Deily (1996) show that enforcement in the US steel industry is lower at 
plants which are large employers in the local labor market. Dion(1997) find considerable 
local variation in the stringency of monitoring of compliance with uniform national 
standards in the pulp and paper sector in Quebec. And the estimation of the monitoring 
enforcement impact on the emission is also available. One well documented plant-level 
dataset is also examined, which provides a detailed assessment of the communities’ impact 
of government monitoring enforcement in China. A pollution equilibrium model is 
developed in this paper to test the efficiency of government monitoring on wastewater 
discharge in China. The author in this paper used the basic model developed by Wheeler et 
al.(1997) to test the impact of local community characteristics on monitoring enforcement. 
 
In this paper, we use the plant level data from China to examine whether the monitoring and 
enforcement efforts of provincial pollution control are affected by local community 
characteristics that act as proxies for political power. At the same time, we test for evidence 
of informal pressure on plants that would result in negotiated lower emission. 
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We follow the basic model the equilibrium pollution developed by Pargal et al.(1997). There 
are supply of residual disposal service and demand for residual disposal service. The demand 
for residual disposal servie is originated from the industrial plants and the supply of residual 
disposal service is originated from the community and the government. In other words, it 
means the level that the community and the government are willing to give up the 
environment. The price of supply of residual disposal service is determined by the 
community’s valuation of damage and its ability to extract the recompense from the 
polluting plants, for example, the bargaining power. We think the strength of community 
bargaining power is highly correlative to the local income level and the education level. We 
use the average income money per province as the indicator of income. The income level is 
higher in the community, and then the strength of community is greater. And we also use the 
ratio of illiterate and semi literate to the total population as the indicator of education level. 
If the ratio is higher, then it means there are few people get well-educated. Definitely, in this 
district, the strength of community is weak. While we have utilized several factors as the 
firm characteristics to describe the demand for residual disposal service, for instance, the 
scale and the sector of the plants, and also the prices of the capital and labor inputs. What 
have been referred above will have some influence on the marginal abatement cost. 
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Chapter 2 The literature review 
In this article, we use a plant level province data from China to test for the effect of current 
monitoring enforcement on the pollution control. We will also consider the aspect of 
informal regulation in a general model of “equilibrium pollution.” This model, first 
developed in Pargal and Wheeler (1996), posits the existence of community-level emissions 
equilibria at points determined by local residual disposal service of demand and supply 
schedule. Industry’s demand for residual disposal service (or pollution) schedule reflects the 
marginal cost of abatement. The position and slope of the schedule are pollutant-specific and 
depend on three sets of variables: the expected cost of pollution, determined by formal and 
informal regulation, standard economic factors such as abatement scale economies and 
relative input prices, and a variety of plant and firm characters. Pargal et al.(1997) present 
comparative evidence on the informal regulation hypothesis from Indonesia and the US. The 
comparison is interesting because the two countries are near the opposite ends of regulatory 
and socioeconomic spectra. The level of formal environmental regulation is high in the US 
and quite low in Indonesia. A regression analysis of inter-plant differences in pollution 
intensity is carried out using data on US plants, similar to the analysis for Indonesian plants 
in Pargal and Wheeler (1996). 
 
Pittman (1981) used the translog product function to analyze the industrial pollution problem 
instead of the simple constant return scale product function. In his paper, it was noted that 
when is the right situation to use this specific model. The imposition of constant elasticities 
of substitution and transformation is particularly restrictive in models specifying more than 
one output or more than two inputs; it is especially restrictive when one output is an 
externality. The pollution is an undesired output in this model and also is externality. In his 
paper, it also concerned economic scale. It should be  responed in output when inputs 
increase proportionately with the same factor. Some authors estimate the effectiveness of 
current pollution norms using the model “Equilibrium pollution”. (Wang, 1996, Jiang,2002) 
They use the same data to assess the effectiveness of current norms. One considers the profit 
maximization of the industrial plants and the utility maximization of the community 
including the government and the communities; the other analyses the cost minimization of 
the industrial plant. In both article, the informal regulation part is also included.  
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Cole (2004) has done a research on UK industry, finding pollution intensity to be a positive 
function of energy use and physical and human capital intensity and conversely pollution 
intensity to be a negative function of the size of the average firm in an industry, the 
productivity of an industry and the industry’s expenditure on capital and research and 
development. The results also indicate that regulations, both formal and informal, have been 
successful in reducing pollution intensity. In China, there are few economic experts do the 
research in this field. As far as I know, Tao et al.(2000) designed the plan of Tradable 
Discharge Permits System for Water Pollution of the Upper Nanpan River, China. How to 
shift non-tradable permit system to tradable permit system is available in this paper. Since it 
is a tenable try, in the meanwhile they could not have sufficient data to assess the feasibility 
of this program. All the data are hypothetical, obviously, it only has some certain value in 
the research. Pu(2003) have done a similar research in controlling the pollution in the 
Yangtze River. There is little theoretical aspect available in that paper. Cao (2005) tried a 
pilot program of tradable permit system in Tianjin. It is an instructive thesis.  
 
The remainder of the paper is organized as follows: Section 3 provides background 
information on Chinese industrial pollution sources and patterns. Section 4 discusses the 
residual disposal service of supply and demand of pollution and the concept of an 
equilibrium level of pollution while Section 5 outlines the econometric specification 
including data considerations and results, and Section 6 discusses the policy suggestions and 
conclusion. 
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Chapter 3 Environmental regulation in China 
China is experiencing a revolutionary of regulating the booming pollution problems. China 
is the fastest developing country in the world attracting more foreign investments. According 
to the record of World Bank (2001), China’s industrial growth has been extremely rapid in 
the past two decades, with an annual growth rate of about 15% in the 1990s.The 
development of economics helps people to get richer and richer and the level of living has 
already been improved a lot, however, the industrial pollution problems are coming with the 
rapid economic development. Even some cities are listed on the worst polluted urban areas 
in the world. 
 
The government has taken several actions to control the pollution. Formal and informal 
instruments are commonly used to regulate the industry pollution. Formal regulations 
include command and control instrument, marketed-based instrument; informal regulations 
like lobbying, petitioning and public disclosure. Jiang(2002) referred that there are some 
environmental policies enacted to regulate the industrial pollution, like ‘three simultaneous 
steps’ policy, the enforcement rates of the environmental impact assessment, pollution 
permits and limited time treatment, and the number of staff in environmental protection 
authorities. The environmental impact assessment requires the plants to follow the 
instructions to design, install and operate at the same time with the industry production. 
Wang(2002) referred that air, water and land have been classified into different zones 
according to different environmental sensitivities, with different ambient and discharge 
standards. According to the importance of particular pollution sources, industrial firms are 
also classified into four government supervision categories corresponding to national, 
provincial, municipal and county-level government in order of descending importance with 
the most important being classified directly under the national authorities’ monitoring and 
enforcement activities. Different levels of government can issue penalties or even shut down 
orders depending on their corresponding pollution sources. 
 
The local monitoring section has the obligation to monitoring all the industrial plants 
discharges to examine whether they follow the rules to operate, like testing the effluents and 
take samples for analysis. And aiming at avoiding some potential pollution, the monitoring 
7 
  
section will make a plan to test all the standards of the plants. In China, the state-owned 
plants and the plants above the county level are the main objects to get the inspection. To 
control the number of non-compliance plants, the government monitoring and law 
enforcement are playing an important role. 
 
Controlling the wastewater discharge is one essential part of regulation. The current water 
resources management system in China is based on the Water Law, which was approved in 
1988 and amended in 2002. The Implementation Measure for Water Use Permit System, 
which was issued by the state department in 1993, sets out major rules for water resources 
administration. And measuring these discharges is not too difficult, so the case study in this 
paper is to assess the effectiveness of government monitoring on wastewater discharge and 
also the function of community characteristics on monitoring. 
 
 An example: Haihe River 
Haihe River is the sixth largest river in China and provides several important ecological 
functions. The Haihe River has been regulated and rebuilt gradually since the enforcement of 
The Tenth Five-Year Plan for Water Pollution Prevention and Control in Haihe River Basin 
due to the actions taken by SEPA. Reducing the discharge amount of COD, NH3-N and 
other pollutants to the lowest level, the industrial plants meet the stringent norms to produce 
less undesired products. 
 
It has met some pollution threats from different aspects. The main pollution sources in the 
River: 
point sources, consisting of industrial discharge and municipal sewage; 
non-point sources, including agricultural runoff, scattered small township and village 
enterprises; 
mobile sources, pollution from navigation.  
 
According to the report on the state of the environment in China 2004, Haihe River suffered 
from heavy pollution. Among 67 sections under monitoring, the percentage with Grade I-III, 
Grade IV-V and inferior to Grade V water quality was 25.4%, 17.9% and 56.7% respectively. 
The major pollution indicators were permanganate index, BOD and petroleum.  
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Industry's response to the levy is decomposed into two components: pollution intensity of 
process production and degree of end-of-pipe abatement. Since changing the technology is 
costly, for example, the simulation result of 260 sample factories of Guangdong Province 
(Dasgupta et al.1997) indicated that a shift of discharge standards from Class D to Class A 
effluent concentrations would entail a present-value increase of CNY 330 million in 
abatement cost. Notwithstanding the differences in environmental, economic and social 
conditions between Guangdong Province, which is along the coast in the southern part of 
China, and the Haihe Region will meet the similar troubles, the suggestion cannot be avoided 
that the benefits of stricter effluent standards should be weighted carefully against the costs.  
 
From the above, industrial wastewater is the main contributor. For example, it discharged 
29.46 billion tons in 2003, which accounts for 58% of the total discharge received by the 
River. (Haihe River water resources bulletin) 
 
When formal regulation is weak or absent, then the informal regulation will have some effect 
on the pollution control. Wheeler et al.(1997) also did some research on the informal 
regulation in Indonesia. The government adopted the formal regulation to control the 
pollution in 1990s. Hence the institution is not strong enough to enforce the regulations. And 
market-based instruments are not feasible in that situation, either. Simultaneously, it is a 
good sample to test the efficiency of informal regulation. The results from Pargal and 
Wheeler et al.(1997) suggest that local income and education are powerful predictors of the 
effectiveness of informal regulation. They also show that existing formal regulation has 
measurably beneficial effects, even when it is quite weakly developed. And some authors 
also test the efficiency of informal regulation when formal regulation is there. Paul Lanoiea 
also stated the viewpoint that the presence of clear and strong standards accompanied with a 
significant and credible penalty system does send appropriate signals to the regulated 
community which then responds with a lowering of pollution emissions. Secondly, the 
public disclosure of environmental performance does create additional and strong incentives 
for pollution control. These results do suggest that both regulation and information belongs 
to the regulator’s arsenal. 
 
Following the idea of Pargal and Wheeler (1997), two agents are added into this new 
paradigm. They are community which is referred to the citizen and the non-government 
organization and capital market which is referred to the consumers and investors. The new 
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paradigm is combined with multiple incentives and multiple agents. There are three roles in 
this paradigm, state, market and community. Before the regulator is the principle part of 
enforcing the regulation, but now we should reconsider the role of the firm and the 
community. They are not passive any more. The community can lobby and petition if they 
are not satisfied with the environment surroundings. While the firms can enhance their 
bargaining power with the government to reduce their costs. And also Wang and Wheeler 
(1996) empirically examined the determinants of enforcement in China. More precisely, they 
analyze the determinants of firms' relative bargaining power with local environmental 
authorities with respect to the enforcement of pollution charges. The authors show that 
private sector firms appear to have less bargaining power than state-owned enterprises. 
Contrary to earlier findings, they also show that firms facing adverse financial situations 
have more bargaining power than other firms and are more likely to pay smaller pollution 
charges than they should be paying. Finally, the authors show that the greater the social 
impact of a firm's emissions (as measured by complaints), the less bargaining power it has 
with local environmental authorities. And public disclosure programme is also adopted to 
measure the firms’ environmental performance. The optimal array of regulatory tools will 
depend on country-specific social, economic and institutional conditions. It may also depend 
on the impact of public information on the community and the market (Wheeler et al. 1997); 
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Chapter 4 Model Estimates 
4.1 Formal regulation of pollution 
4.1.1 Command-and-control approaches  
Command and control approaches allow those to provide firms with little flexibility in 
achieving goals. It includes technology standards and performance standards. Technology 
standards specify the method, and sometimes the actual equipment, that firms must use to 
comply with a particular regulation. A performance standard sets a uniform control target for 
firms, while allowing some latitude in how this target is met. Such regulations tend to force 
firms to take on similar shares of the pollution-control burden, regardless of the cost.  
 
4.1.2 Market-based mechanisms  
Market-based instruments are regulations that encourage behavior through market signals 
rather than through explicit directives regarding pollution control levels or methods. They 
provide firms with greater flexibility and incentives to look for more effective ways of 
making sustained environmental progress. These policy instruments, such as tradable permits 
or pollution charges, are often described as “harnessing market forces”, because if they are 
well designed and implemented, they encourage firms (and/or individuals) to undertake 
pollution control efforts that are in their own interests and that collectively meet policy 
goals.( Stavins. R.N.,2001) 
 
4.1.2.1The properties of the market-based mechanisms 
From the theoretical point, we can clean up the pollution at any different level to minimize 
the total costs using the market-based mechanisms, if we provide sufficient incentives to 
reduce the pollution utmost. And from the standpoint of firms, they prefer to reduce the 
pollutants at lower costs as possible, on the condition that the production level is at least the 
same as before.  
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The command and control instruments, which always set the uniform regulatory norms 
among the firms, equalize the pollution levels, regardless of the characteristics of the firms 
such as the capital, size and the current technology level and so on. Compared with it, the 
market-based mechanisms are more flexible. It does not mind the characteristics of the firms, 
but concern more about the marginal costs, the incremental per amount of costs from 
reducing the pollution.  
 
Using the command and control approaches to get the cost minimizations, we require diverse 
regulatory norms for each pollution source. Hence the administrators obtain the 
comprehensive information of the compliance costs each firm faces. Unfortunately, the 
government cannot get this kind of data. While using the market-based approaches to 
achieve the optimal cost on reducing the pollution, the government need not have this kind 
of information. It has the strong potential to provide the incentives to the firms which is 
ready to adopt the cheaper and better pollution-control technologies.   
 
4.1.2.2 The category of the market-based approaches  
It includes four sectors: pollution charges, tradable discharge permit, market failure 
reductions; and government subsidy reductions (Organization for Economic Cooperation and 
Development 1994a, 1994b, 1994c, 1994d). 
 
Pollution charges 
Pollution charge systems assess a fee or tax on the amount of pollution that a firm or a 
source generate. In the theory, the optimal point for the firms to reduce the emission is when 
the marginal abatement cost equals to the tax rate. In generally, it is very hard to identify the 
right tax rate. It is known that this tax rate is supposed to set equal to the marginal benefits of 
cleanup at the efficient level of cleanup. However the policy makers concern more about the 
desired level to control the pollution, they do not know the reaction of the firms which have 
been given a certain level of taxation in advance. Then a deposit refund system was 
introduced. The intent of this new case is that consumers pay a surcharge when purchasing 
potentially polluting products, and receive a refund when returning the product to an 
approved center, whether for recycling or for disposal. (Bohm 1981; Menell 1990) 
 
Tradable discharge permit 
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It can achieve the cost minimization as a charge system, preventing some uncertainty from 
the firms. A total allowable discharge permit has been established and allocated among the 
firms. If the firms cannot use up the quotas be hand, they can sell them to other firms or 
compensate the excess emissions in their other entities. 
 
Market failure reductions 
It can also serve as market-based policy instruments. In such cases, substantial gains can be 
made in environmental protection simply by reducing existing frictions in market activity. 
Three types of market friction reductions stand out: (1) market creation for inputs/outputs 
associated with environmental quality, as with measures that facilitate the voluntary 
exchange of water rights and thus promote more efficient allocation and use of scarce water 
supplies; (2) liability rules that encourage firms to consider the potential environmental 
damages of their decisions; and (3) information programs, such as energy-efficiency product 
labeling requirements. (Stavins,2001) 
 
Government subsidy reductions 
Subsidies are also incentive instruments to control the pollution. Kohn (1991) analyzed a 
combination of tax and subsidy for controlling pollution, in which "each polluting firm must 
pay a 'right to enter' tax each period that is based on the quantity of emissions it would emit 
if there were no abatement, then later receive a payment, called subsidy, for the quantity of 
emissions that the firm actually abated during the period." They are normally used with the 
charges together in China to control the pollution. From the viewpoint of  Wang et al. (2002), 
to provide stronger incentives for firms to abate, most of the fees collected has also been 
used to subsidize firms' abatement investment projects. These incentives can be viewed as a 
charge-subsidy double incentive system with discharge standards embedded. Although they 
are not the most efficient ways to control the pollution, they at least have a certain effect on 
the pollution reduction currently.  
4.2 Informal regulation of pollution 
Pargal and Wheeler(1996) estimate the effect of informal regulation on pollution control in 
Indonesia. Since the enforcement power of government is too weak, it is a pretty good 
sample to test the efficiency of informal regulation. They got the conclusion that when 
formal regulation is weak or absent, informal regulation through local community 
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participation can force the polluter to abate pollution. Informal regulation also takes many 
forms, including demands for compensation by community groups, social ostracism of the 
firm’s employees, the threat of physical violence, boycotts of the firm’s product, and efforts 
to monitor and publicize the firm’s emissions. 
 
What’s more, informal regulation could not be restricted to cases where formal regulation is 
absent. If formal regulatory norms and organizations exist, the most effective informal 
regulatory strategy may be to report some hidden violations of legal standards. This is even 
easier if information on standards is known to all, monitoring is relatively inexpensive, and 
violators are easy to identify. And another way for informal regulation is to put more 
pressure on the local regulators like the administrators and the politicians to stringent their 
monitoring and enforcement.  
4.3 The conventional regulation---Formal Regulation 
Command and control instruments are used in the first stage of pollution control. It is the 
main measurement of pollution control at that time. But in fact, it is not too perfect as people 
thought before. It has some disadvantages since it could not solve all the pollution problems 
at that time. The information is not full enough. Hence it added the incapability. Then in the 
developed countries, market-based instruments were introduced like the tradable pollution 
permit, liability and pollution charges. It added some market flexible factors to reach the cost 
effectiveness. In some sense, it is complement to the command and control instruments. The 
marketed-based instruments can regulate the pollution effectively combined with the 
command and control instruments. And we also have seen the successful cases combining 
these two instruments. But whether both of them can work independently? The answer is no. 
Both of them have their own advantages and disadvantages. Even though command and 
control instruments are not flexible as the market-based instruments, it sets the basic 
regulations which the plants must obey. At the same time, the market-based instruments can 
favor the plants to reach the cost-effectiveness. For instance, the plants can sell or buy the 
pollution quotas in the competitive market assuming there is no transaction cost. But in the 
most less development countries, it is not applicable, since either the information is not full 
enough, or the transaction cost is there. This was specially the case for developing countries, 
which could not cope with the design, implementation, monitoring and enforcement 
requirements that market-based instruments demanded (Rusell, 1990, 1992). In China, 
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command and control instruments and the pollution charges are commonly used. Wang and 
Wheeler(1996) have tested the efficiency of the pollution charges. The conclusion is that 
even though the pollution charges is much lower than the optimal pollution price, even it is 
the half price of it, it still has some positive effect on the pollution control. And Jiang (2002) 
also got the similar result using the province-level data, and he also found that the pollution 
levy system has been effective in reducing pollution relative to what it otherwise would have 
been in China. 
 
From the book of environmental economics and the paper written by Wheeler et al.(1996), 
we know that usually there are two agents regulator and laws in the traditional formal 
regulation. The command and control instruments and the marketed-based instruments are 
enforced. 
 
In the conventional view, we assume there are no transaction costs and the regulator can get 
full information of the pollution. Then we can reach the optimal pollution point. We use X-
axis as the variable emission, and Y-axis as the variable price. From the viewpoint of 
textbook environmental economics, the marginal social damage (MSD) is defined to increase 
with the emission, while the marginal abatement cost (MAC) is defined to decrease with the 
emission. Then the social optimal pollution point E is determined by the intersection of the 
marginal social damage and the marginal abatement cost. What the firm will do conditional 
on regulations is indicated by the private optimal point e. It is different from the social 
optimal pollution. There is a graph shown here. 
 
ES1（CHINA） 
Cost 
C
E e 
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E: social optimum point 
e: private optimum point 
Figure 4.1The social optimum versus private optimum 
In production theory the interpretation is straightforward. Given that some activities in the 
production process lead to emissions of undesired substances and given some abatement 
technology, the marginal abatement costs represent either the marginal loss in profits from 
avoiding the last unit of emissions or the marginal cost of achieving a certain emission target 
given some level of output. Whereas the latter focuses on abatement technologies such as 
filters for air or water pollutants, the former concept is more interested in the overall 
adjustment of a firm to an emission constraint including adjustments in the level of output 
(McKitrick 1999). 
 
The marginal social damage is the indication of the supply of residual disposal service. We 
assume the main agent of supply of residual disposal service is the household and 
government. The principal meaning of the supply of residual disposal service is that the 
households are willing to give up the environment. The intersection of residual disposal 
service of demand and supply schedules is, of course, a familiar conceptual device in 
environmental economics textbooks. However, the conventional treatment identifies "social 
optimal" pollution at the intersection of marginal cost and marginal damage schedules, 
implicitly assuming transactions costs to be zero for the regulator. By contrast, we assume 
that formal regulation and informal regulation are affected by the costs of information, 
organization, and enforcement. Thus local equilibrium emissions may differ significantly 
from "optimal" emissions, which are derived solely from marginal cost and damage 
functions. Of course, they may also differ significantly from the emissions that are mandated 
by formal regulatory standards.（Pargal and Wheeler, 1997） 
 
From the current available data of China, it can be concluded that the private optimal 
pollution is always greater than the social optimal one. The World Bank (1999) has recently 
estimated the relationship between actual and optimal air pollution for Zhengzhou, a 
representative city with 1.8 million population in Henan province, central China. Using a 
conservative value-of-life estimate, the World Bank study estimates the optimal air pollution 
level for Zhengzhou at 30% of its current level. (Wang et al., 2004) 
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4.4 A new paradigm---formal and informal regulation  
 Assumption 
(1) The political-economic system is one of incomplete property rights and imperfect 
information; 
(2) Complete benefit and cost functions are not known (and cannot be known) ex ante; 
(3) The government endeavors to institute efficient regulation, and so sets exogenously a 
level of pollution abatement, which is expected to improve social welfare; 
(4) The government assumes that each increment of abatement  provides some social benefit. 
 
The interaction between the state and plants is the formal regulation, while the interaction 
between the community and the state and firms are informal regulation.  
 
There are two new agents community and capital market participating in the informal 
regulation. This paper presents a summary version of our model of informal regulation as 
developed in Pargal and Wheeler (1996). Emissions can often be substantially reduced by 
modifying the process or installing end-of-pipe abatement equipment. 
4.4.1 Demand for residual disposal service 
It is defined as the demand of polluting by firms. Assume the firm will minimize the costs to 
earn the profits. At the same time, the environment resource will be used out. Some plants 
will pollute the environment adversely while aiming at the profit maximum. Normally the 
production input will be capital and labor.  
 
There are several factors determining the environment demand. 
1) firms’ characteristics 
With the tremendously economic development in China, there are more and more industries 
settled down around the China. Even though it brings about a lot of benefits, the 
accompanying problem of pollution is more adverse. 
 
Sector: The sector of industry is a significant contributor to the pollution intensity in one 
specific region. In our data, the industry is divided into two parts, heavy industry and light 
industry. Some plants produce large amount of pollutions, while others are not. Some plants 
are facing the higher treatment abatement costs, definitely, they are not willing to pay for 
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that. Hence, they are the main potential pollution plants to be monitored. Generally speaking, 
the steel and metal sector, the pulp sector and the oil sector will discharge more pollutants 
than other sectors. In this paper, all the industry is separated into two parts: light industry 
and heavy industry. According to the data in 2002, the heavy industry plays a main role in 
producing the pollutants. It produces more pollutants than the light industry. And more 
energy enterprises are established. Even though these plants can bring us more benefits in a 
short time, they are most important threats to the human beings.  
 
Share: Most large plants in China are stated-owned and above county level, and also most of 
them have been established for a long time. These plants can afford more job opportunities 
to the local communities and also take a large part of the economics. In some part of China, 
some enterprises with high pollution intensity are always the supports of local economics. 
The local government has to set less stringent regulations on it. Since most of the finance is 
from those productions, the social welfare also depends on it. On the contrary, many 
collective plants and joint enterprises meet more stringent regulations on pollution. 
 
Scale: We can expect the firm size is also another significant contributor to the emission. In 
our data, all the plants are divided into three sizes: large, median and small. If the size is 
large, obviously, the firm will discharge more pollution. If the size is small, then the firm 
will discharge less pollution. However, in some cases, the amount of pollution is decreasing 
with the increase of the output. Then it reflects the effect of pollution abatement. And in 
some cases, the small firms emit more pollutants than the median firms, if the technological 
procession in pollution abatement is not advanced. Recent research in Asian mixed 
economies has suggested that SOE’s’ insulation from regulation is another contributing 
factor (Wheeler et al., 1997). However, our analysis of enforcement practices in China finds 
the converse to be true there: SOE’s experience is more, no less rigorous enforcement 
(Dasgupta et al., 1997). 
4.4.2 Supply of residual disposal service 
In the papers referred in last chapters, we know the definition of supply of residual disposal 
service is the willingness of the households to give up the environment. 
In the paper of (Jiang, 2002), he assumes to maximize the utility the representative 
household. And the household can earn a certain amount of income which will be used on 
the consumption good (the price of consumption good is normalized to be one) to meet its 
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various living demands, and owns a certain environmental endowment . Part of the income is 
from earnings in the industrial activities, which is determined by the output price and factor 
prices. The household could enjoy the environment, and could also supply it to the firm at 
the ongoing effective rate and use the proceeds to increase consumption of good. 
 
Estimate the role of community in pollution abatement. What determines the power of the 
community? 
 
1) The income of the local residence 
From some authors’ paper, some results have been concluded. More wealth are the people, 
more sensitive to the pollution. The rich people would choose some clean places to live even 
though the living expenses are much higher than the polluted places. On the contrary, some 
poor people will move to the adverse place. They do not have the ability to afford the 
expensive rents in the cleaner places. It will attract more poor people to move to the worse 
place. It forms the people mobility to some level. 
 
If most people in the community get the higher education, then they have more 
consciousness about the environmental pollution. If they find their living condition is being 
destroyed by the pollution, they will utilize the law and some regulation to lobby and 
petition. On the one hand, it has a powerfully potential pressure on the firms which break the 
environmental regulations. Definitely, it will hurt its reputation to some level. It has a 
negative consequence that the people would not buy the products made by them. If the 
education level is much lower in the community, most people will not concern about the 
living surroundings around them. Even they do not know how to utilize the weapon of laws 
to protect their health. 
 
On the other hand, it could help the government to monitor the potential pollution industry 
effectively. And also put some pressure on the government. Normally the government cannot 
observe all the pollution firms. If the residence reflect the accidents, it would give the 
regulator more information. Nowadays in some developing countries, public disclosure 
programme is on fashion, the firms are recognized to be five sectors according the pollution 
behavior.  
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2) the rate of unemployment 
If the rate of unemployment in the local community is very high, the government probably 
attracts more high labor intensive projects to solve the problems of living. In China, the 
government takes all actions to create more job positions, especially the service career. The 
resturants and the bathing places create not only more job positions, but also many area 
pollutions, which are the significantly negative contribution to the local environment. Even 
though the enterprises will produce more pollution, the government has some loose 
regulation on them. As we know, these enterprises can get the profits to some level, and also 
can give more residence opportunities to work. It improves the local economics to a certain 
level. 
 
3) the population density 
If the environment is adverse in the high-populated intensity district, then there would be a 
strong response of it. We take the example of urban population compared with the rural 
population. Assume one plant have the same amount pollution in these two areas, definitely, 
the production in the urban area will be blockaded, since most people will lobby forcing the 
government to monitor and shut down the plants in case of serious pollution. 
 
4) the government monitoring 
With the help of community, the government can obtain more information about the illegal 
discharges. And also lobbing and petitioning will put some pressure on the government 
enforcement. It can forbid some corrupt affairs under the public disclosure. It is not easier 
for the firms to corrupt the staff in the government especially when the enforcement is clear. 
 
Dion(1998) found that greater inspection effort is allocated toward those plants whose 
emission are likely to generate a higher level of damage. At the same time, the behavior of 
the generator is also a function of variables that may not be directly related to abatement cost 
and damages. In particular, the variables pertaining to local labor market conditions have an 
important impact on the monitoring strategy adopted by the regulator. 
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4.5 The specification of the production function  
The nature of the model is to establish the function that how to control the pollution under 
the formal and informal regulations. 
Emission=f(formal,informal,X)                                                                                  (1) 
Where Emission is the wastewater discharge, formal is the formal regulation, and informal is 
the informal regulation, X is a controllable variable. 
Assume the representative firm will minimize its costs producing some products 
accompanying with the pollution. There are two inputs, capital and labor. 
K,L K LMin P K+P L+φ(e,m,c)                                                                                            (2) 
s.t. y f(K,L,e;θ)≤  
where K is the capital input, L is the labor input; kP  is the price of capital, LP  is the wage of 
the labor; e is the emission level, m is the government monitoring and enforcement, c is the 
community pressure on enforcing the regulation, and θ  are the exogenous shift factors 
which would be other  exogenous factors not specific in this form which influenced the 
production function like the factors of energy and materials. 
 
φ(e,m,c)  is the penalty of exceeding the standard. Firms would rather to emit more 
pollutants to get the penalty than to follow the instructions to discharge legally. Because in 
China the penalty is much less than the profits firms earn from the firms aspect. That is the 
reason why firms gain the profits at the cost of the environment. Even though the current 
levy system has a positive influence on the pollution, there are still more tasks to do, like 
increasing the levy rate and so on. 
 
National Standards: 
The levy system formally requires that a fee be paid by any enterprise whose effluent 
discharge exceeds the legal standard. China’s State Environmental Protection Administration 
(SEPA) regulations specify variations in effluent standards by sector and fees by pollutant. 
With the approval of SEPA, local areas may raise both standards and fees above the 
nationally mandated levels. Levies are charged only on the ‘worst case’ pollutant from each 
source. Different pollutants have different legal concentration standards, charge rates, and 
surcharge schedules. Local environmental authorities are responsible for calculating the 
potential levies for each pollutant discharged by each factory. The actual charge is supposed 
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to be the highest of these potential levies. In practice, however, levies are often negotiated 
and local factors have a strong influence on charges. To make the levy collection system 
effective, a schedule of penalties is also specified. Penalties are collected and utilized by 
local environmental authorities. (Dasgupta, et al, 1997)  In principle, it imposes a penalty on 
emissions or discharges in excess of some standard applying to a particular process or plant. 
The use of the term “levy” conveys an important legal distinction, denoting that the payment 
is not a tax falling within the jurisdiction of the national tax authorities, but rather is a fee 
imposed and collected at the local level to fund both administrative expenses of the local 
Environmental Protection Bureau (EPB) and investment in abatement projects. (Ellerman, 
2001) 
 
Assume firms comply with the following regulation: 
se e (m,c)≤                                                                                                                       (3) 
Where se  is the standard amount of pollution discharge set by the governmentr; e is the real 
amount of emission. 
 
On the one hand, if the amount of emission exceeds the standard amount, then the accident 
of penalty occurs: 
s se>e φ(e-e )⇒                                                                                                                  (4) 
On the other hand, if the pollution density is above the level that the community can stand 
for, then it  also gets penalty: 
s
e e(m,c) (e-e )
y y
ϕ≥ ⇒                                                                                                        (5) 
Where e
y
 indicates the pollution density, e(m,c)
y
 is the utmost level community can stand 
for. If the pollution density is beyond the level, then the community will send feedbacks like 
lobbying and petitioning. e(m,c ) is the emission amount in a given place, which is the upper 
level people can stand for. While se  is the specific national standards of the firms emission. 
And also se  should be adjusted all the time according to the e . Because e  varies frequently 
with the development of the economics. 
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If se  is applied for a given firm, then the firm will get the punishment as long as the firm 
discharges more than se , no matter what e  is. Or if e  is applied for the firms in the specific 
area, then se  is determined based on e , then the sum of se  should equal to e . If we mix the 
two regulations and give the firms some chance to emit more than se  without punishment as 
long as the total is less than e . 
 
In China, the specific emission standard of the firms and the pollution density are both used. 
From the aspect of firms, the province sets the specific standards of firms individually. If  
firms do not follow the rules, they would get penalty. From the aspect of community,  in a 
given district e  is set to be the upper level people can stand for. If the pollution density is 
beyond people’s capability of standing for, then the firms which cause the most negative 
consequences in that district will get the penalty. 
 
                        
 
Figure.4.2 Relationship among all the factors 
 
Assume the output y is given, 
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Lagrange equation: 
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                                                                             (6) 
From the above for cost minimization we obtain the usual marginal conditions as well as the 
following implicit equation (6) for optimal emissions at an interior optimum. The 
representative firms minimize the total costs including the production costs accompanying 
with the potential penality φ(e,m,c)  on condition that e is above the standard emission. 
Assume either se or e  are functions of φ(e,m,c)  and the potential penality is a function of  
regulatory and community pressure. This penality is increasing with the emission e; in the 
intensity of direct government monitoring and enforcement m and the community bargaining 
power which is a proxy by the level of development, c, of the district where the plants 
located.   
According to the demand for residual disposal service and supply of residual disposal service; 
we can get the optimal pollution. 
k le*=τ(y,P ,P ;θ,m,c)                                                                                                           ( 7) 
 
Using the available and accessible data which is from National Bureau of Statistics in 2002, 
we can assess the effectiveness of the existing pollution control mechanisms in China. We 
utilize the dataset of plant-level annual emission data from 31 provinces in China to serve 
the model environmental pollution equilibrium. Use demand for residual disposal service 
and supply of residual disposal service to test the efficiency of the community on 
government monitoring enforcement. And also it indicates the regulations; formal and 
informal have positive effects on pollution abatement. The following analysis has been 
conducted in this study.  
 
1) Command and control approaches are the main instruments in China, since we only have 
the uniform norms to comply with. And the discharge permit system is the typical one. From 
the data available, we find that there still exists some discrepancy between the actual and 
registered wastewater discharge. 
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2) There still exist some non-compliance accidents. For example, we take the volume of 
wastewater discharge in Haihe as an example. We found that there has been a large 
discrepancy between the total volume of wastewater discharge and volume of industrial 
wastewater up to the discharge standards, especially in the Hebei Province and Liaoning 
Province. It indicates that the current monitoring enforcement is not strong enough to 
prevent cases of discharging without permission and under registration in the Region.  
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Figure4.3 Non-compliance of wastewater discharge 
At the same time, in recent years the governments pay more attention to the monitoring 
enforcement. More and more monitoring staff get the professional technology training. From 
Figure 5.2, we know that the number of monitoring staff is still increasing from 1998 to 
2002. It reflects the function of monitoring is getting greater and greater. 
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Figure4.4 The strength of Government Monitoring 
 
3) Profit-maximizing firms reduce pollution to the point where the marginal cost of 
abatement equals the expected marginal penalty for noncompliance. From a theoretical point 
of view, an effective pollution tax schedule will have a tax rate that is at least equal to the 
marginal abatement costs at the desired pollution control level. If not, little incentive will be 
created for polluters to reduce their pollution, since they will prefer to pay the pollution tax 
rather than bearing the abatement cost.  
 
4)From the empirical research (Wang and Wheeler, 1996), it can be inferred that the effects 
of the informal regulations has positive correlation with the mean community income level 
and education levels of local communities. It is believed that education and income levels 
are the key determinants of community capacity. 
 
Firstly, increasing community income and education push the water levy rates upward as 
provincial regulators adjust their enforcement policy to improved conditions and higher 
valuation of environmental benefits.  
 
Secondly, feedback through citizen environmental complaints increases, with amplifying 
effects on enforcement. Finally, rising income and education strengthen ‘informal 
regulation,’ as communities with more resources and greater interest in environmental 
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protection increase pressure for abatement through a variety of political and social 
channels.( Dasgupta et al., 1997) 
 
In order to assess the community capacity in our research paper, average income per capita 
and percentage of illiterate and semi-illiterate population are chosen as the indicators of 
income and education levels respectively in this study. we also use Haihe as an sample 
assisting us to illustrate our points. Compare the annual income of urban residents with that 
of rural residents and compare the percentage of illiterate and semi-illiterate population with 
the national figures. From the Figure5.3 , only the index of Inner Mongolia is above the 
national mean level. The index of any other provinces are far below the national mean level. 
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Figure4.5 The ratio of illiterate and semi-illiterate to the total population 
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Figure4.6 Annual income per capital of urban and rural residents 
The integration of diverse pollution instruments including command and control approaches, 
market-based approached and informal instruments and the cooperation of multiple entities 
involving government, communities and polluters, can the industrial water pollution in 
China be efficiently controlled.  
  
From what had been discussed above, we found monitoring and community characteristics 
are endogenous. Although monitoring is expected to be a function of expected emissions 
levels, since past pollution levels predict current emission levels very well (Magat and 
Viscusi 1990), we have used current emission levels to proxy for expected emissions in the 
monitoring equation. There is also the function of the government monitoring and 
enforcement available.  
 
Then a new story arises. 
m=η(e,c;δ)                                                                                                                      (8) 
 
According to the nature model above, we know, the emission model is composed by a 
function of production factors, the firms’ characteristics like the scale of the plant and which 
sector does it belong to’ and the enforcement of informal regulation such as the monitoring 
and the disclosure from the community . The emission is determined by several factors, not 
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only the firms’ production capability, but also the government monitoring and the firms own 
characteristics. The emission is supervised under the government monitoring. 
 
The environmental demand function of wastewater discharge can be specifies as: 
i 0 1 L 2 k 3 4 5 6 iloge =β +β logP +β logP +β logm+β logSector+β logState-owned+β Scale+ε                   (9) 
 
The dependent variable, ie , is the total wastewater discharge in the region i .the 
variables lP , kP are the factor price of labor and capital, lP  is measured as the average annual 
total wage of a worker, kP  is measured as the state rate of interest ; the variable, m, is the 
monitoring enforcement, measured by the number of total monitoring staff in each region; 
the dummy variable, Scale, is the description of the size of the plants, in this paper, it is 
separated into three parts: large, median and small. The dummy variable, Sector, is the 
description of the branches. In this paper, all the industry is divided into two parts, light 
industry and heavy industry. The variable, State-owned, is measured by the number of the 
plants owned by the state and above the county level in each region. iε  is the error term. 
 
And also the enforcement of monitoring has its own model. What has been described above, 
the monitoring function is a function of emission (e) and the community pressure (c). 
Normally the indicator of the community is the development of that district. For example, 
the income level of that district has a significant influence on the education level of that 
district. If the people in one certain district are rich, then most people will be well-educated. 
Then they will have much higher consciousness of protecting the environment. If they find 
some illegal discharges, probably they will lobby and petition to give some pressure on the 
government and also give a hand to the government to enforce the monitoring. The author 
defined monitoring is influenced by several factors like the expected emission and the 
community. Normally, the monitoring is expected to be a function of expected emission 
level, since past pollution level can predict current emission level well (Magat and 
Viscusi,1990). Then we can use current emission levels to proxy for expected emissions in 
the monitoring equation. 
 
Monitoring: 
i 0 1 i 2 3 4 5 ilogm =α +α loge +α logEmployment+α logINC+α logPD+α logIlliteracy+ω                (10) 
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The dependent variable, im , is the description of government monitoring enforcement, 
measured by the number of total monitoring staff in each region ; the independent 
variable, ie , is measured by the total amount of wastewater discharge in the region i ; the 
variable, Employment , is measured as the employee numbers in each region. The 
variable, INC , is also measured by the average annual income of local region. The 
variable, PD , is the population density of the local community, measured by the local 
population density. The variable, Illiteracy , is measured by the ratio of illiteracy and semi 
literate population age 15 and over by region to the total age 15 and over. 
 
In the equation of monitoring, we expect the coefficient of ie is positive. If the plants emit 
more pollution, then the government monitoring enforcement is bigger. The government will 
focus more on them. 
 
We expect the coefficient of Employment is positive. It has a positive effect on the 
monitoring. Assume there are many larger scale plants in the labor markets, those would 
trigger the high monitoring probability in that community. In other words, if the employment 
rate of that local community is high, it means more people are working for the industry. And 
then the pollution is accompanying with the production. Definitely, monitoring has some 
relationship with the employment. However some other authors like Deily and Gray(1996) 
pointed out that the employment has a negative effect on the enforcement activities . 
 
We expect the coefficient of INC  is negative. If the local income level is high, it means that 
people in that community have high consciousness about the pollution. The demand for a 
clean environment would be strong. Definitely, there would be less accidents of pollution, 
and then the government need not put more emphasis on the community with high income 
level. Dion(1998) also stated an interesting thing, the variable income will give some support 
to both theories of regulation. Following the public interest theory of regulation, higher 
levels of income give rise to higher valuation of the environmental damages and therefore to 
a smaller level of optimal pollution for any given levels of abatement costs. On the other 
hand, following the economic theory of regulation, communities with higher level of income 
may be more adept at exercising pressure on the regulator to reduce pollution emission. 
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We expect the coefficient of PD  is negative. It has a similar way of INC . Assume that the 
population density is high, if there is some pollution happened, the probability of being 
discovered is high. Then it is easier for the government to enforce the monitoring. On the 
contrary, if the population density is low, then the government will spend more efforts on 
monitoring since the potential pollution is hard to be discovered. For example, if the 
pollution is produced in the rural area, then the government will spend more efforts on it. 
While, if it happens in the urban area, then the government will spend less efforts on it. 
 
We expect the coefficient of Illiteracy  is consequently negative. If the ratio of illiteracy and 
semi literate population age 15 and over by region to the total age 15 and over is much 
higher, we can imagine, most people there are not well-educated. They do not have the 
consciousness to protect themselves from the adverse surroundings. Normally it is hard for 
the people with low education find a good job, in some cases, even to find a job. If there is a 
plant which can afford many job opportunities to the low-educated people, even it is a high 
consuming and polluting trade, people are not willing to complain about the pollution. The 
government will pay more attention to the pollution happened in the community where the 
ratio is pretty high. On the contrary, if the ratio is pretty low in one community, it means that 
most people there are well-educated. They know how to protect their own surroundings not 
being polluted by the plants. Once they have discovered the pollution, they are willing to 
report it to the local government to forbid it. Then it is easily for the government to discover 
the illegal discharge in the community. 
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Chapter 5 Data sources and Empirical results 
5.1 Data source 
The data available is the environmental and economic data for 31 provinces, autonomous 
regions, and municipalities directly under the central government in mainland China in 2002, 
mainly taken from various China Environmental Yearbooks and China Statistical Yearbooks. 
It covers several thousands of plants which are state-owned or non state-owned above the 
county level. The industry is separated into two parts in this paper, high industry and light 
industry. And also the scale is treated as large, median and small. 
 
In the paper, I would like to follow the methodology developed by Pargal(1997), who 
utilized two-stage least squares (2SLS) to estimate the effect of government monitoring 
enforcement on the pollution control in India. In this paper, I will use the same methodology 
to test the effect of government monitoring enforcement which is decided by the community 
characteristics in China, and also test the efficiency of formal and informal regulations on 
wastewater discharge control.  
 
The definition of Two Stage Least Squares: 
Two-stage least squares regression (2SLS) is a method of extending regression to cover 
models which violate ordinary least squares (OLS) regression's assumption of recursivity, 
specifically models where the researcher must assume that the disturbance term of the 
dependent variable is correlated with the cause(s) of the independent variable(s). 
 
The principle: 
Two stages in 2SLS refer to (1) a stage in which new dependent or endogenous variables are 
created to substitute for the original ones, and (2) a stage in which the regression is 
computed in OLS fashion, but using the newly created variables. The purpose of the first 
stage is to create new dependent variables which do not violate OLS regression's recursivity 
assumption. 
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Regarding to my paper, m is a problematic causal variable. It is an endogenous variable 
whose disturbance term is posited to be correlated with the disturbance term of another 
endogenous variable e on which it has a direct effect. Then m is replaced by substitute in the 
first stage of 2SLS. C is the instrument to be used in the first stage of 2SLS to create the new 
variables. This is accomplished using OLS regression, with the problematic causal variable 
m as the dependent and instrumental variables as the independents. The predicted values of 
this regression equation are the values of the new causal variable which replaces the 
problematic causal variable m. 
 
In stage two, the new variable will be uncorrelated with the disturbance term of the 
endogenous variable. The recursive assumption will no longer be violated. Then we can 
proceed stage two, which is simply an ordinary least squares (OLS) regression, but using the 
newly created instrumental variables. 
 
How to work with Stata to get the results? 
Stata was used to test the results. In fact, this process goes in two stages. First, a new m was 
created to substitute for the original one. Second, this new creatable variable was used to 
calculate e using the similar way to OLS. The calculation part should be like this. But all the 
results can be attainable automatically using Stata. 
  
There are two main dependent variables emission and the monitoring. In China, the 
governments focus more on the control of the wastewater discharge and COD as the first 
step. They are the main pollutants in China. Hence in this paper, the wastewater discharge 
will be our first dependent variable. It is measured by the total amount of wastewater 
discharge per year and the second dependent variable is the monitoring effect. It is measured 
by the number of monitoring staff in the local government. We have used Sector and Scale 
as the dummy independent variables which are the indicators of the plants’ characteristics. 
The independent variable INC is measured by the total average money wage per year in each 
province. It is highly correlated with the dependent variable monitoring. 
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5.2 Empirical results 
We will utilize 2SLS methodology to estimate the equations. As we suspect, wastewater 
discharge equation and the monitoring equation are not independent. According to the 
reduced forms(7) and (8), on the one hand,e is a function of m; on the other hand, m is a 
function of e. If the amount of wastewater discharge is high, it will attracts the government 
to monitor; if the government monitoring is strict, then the wastewater discharge is low. 
From the estimates of t-value under 2SLS for the wastewater discharge equations, it shows 
that the t-values of emission in the equation of monitoring are larger than the t-value with 
95% confidence level. Then monitoring is truly exogenous as determinant of wastewater 
discharge. On the other hand, this is not the case for the monitoring equation. 
Table 5.1 Regression result of Monitoring 
Independent 
Variables (in logs) 2SLS 
monitoring Coeff. Std.Err. t p>︱t︱ [95% Conf. Interval] 
emission .305385 .1832543 1.67 0.108 -.0720343 .36828042
employment .4749627 .2221046 2.14 0.042 .0l75296 .9323958
INC -.4726331 .2833652 -1.67 0.108 -1.056235 .1109685
PD -.0020441 .0960019 -0.02 0.983 -.1997638 .1956755
Illiteracy -.3779174 .1622539 -2.33 0.028 -.7120855 -.0437492
_cons 5.640404 2.579733 2.19 0.038 .327344 10.95346
 
From the table 5.1, in the equation of monitoring, it shows that the emission has a weak 
positive effect on the monitoring. More wastewater discharge, more probability of being 
monitored. And also the employment has a positive effect on the monitoring. If the rate of 
employment in the local community is very high, it means that at least there are many 
industries in that area, even though we do not know whether they are heavy industry or light 
industry. The industry production will definitely discharge some pollution, which will lead 
to more government monitoring.  
 
The income has a significantly negative effect on the monitoring. If the income level is high 
in that region, then more people are not willing to live in the polluted area, if they are rich. 
They will move to some area with less pollution, even though the living expenditure is pretty 
high in that area. While if the income level is pretty low, it means the people there are not 
rich. They could not afford the expensive housing rents in the less polluted region. Normally, 
the rents in the polluted area are much lower than the clean area. To some level, it will lead 
to the mobility of moving, depending on whether they are rich or poor. So the income level 
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is an indication of pollution discharge. The level is high, which means there are not many 
pollutants discharged. On the contrary, the level is low, which means there are supposed to 
be many pollutants discharged. Consequently, the monitoring enforcement will focus more 
on the region with low income level.  
 
The PD has a slightly negative effect on the monitoring. Normally, the government 
monitoring will pay more attention on the community with low population density like some 
rural areas, since some illegal plants would like to settle down in some uneasily areas. But 
why in our result the coefficient is not significant? In China, with the developing of 
economics and under the strict environmental regulations, the industry is not allowed to 
settle in the urban area, especially those high pollution trades. There are more job 
opportunities in the industry district, where it is far from the living place. More people are 
willing to buy some apartments nearby their working places. So in some cases, even though 
the population density is high in some region, it also needs high government monitoring. 
 
The ratio of illiteracy and semi-illiterate to the total population is significantly negative to 
the monitoring. If there are not many people get well-educated, they do not know how to 
protect themselves and also how to sustain the living environment. From many cases, we 
know that those people do not have the consciousness to protect the environment. They 
always earn the profits in the contribution of destroying the environment. They do not know 
using the proper method and could not afford the standard technology to control the 
pollution discharge. Many of them discharge the pollution directly to the lake and sea 
without any pollution abatement treatment. 
 
In the equation of emission, there are ten independent variables. According to the data 
available, the industry is divided into two sectors: heavy industry and light industry. And the 
scale of plants is also divided into three parts: large, median and small. So in my paper, I 
have done six regressions individually according to the combination of sector and scale. 
Then we can have a look at all the conditions. 
 
1）large light industry 
The coefficient of gross output at current value is significantly positive. It has the same result 
as our estimation. The amount of pollution discharge is accompanying with the output. The 
coefficient of the number of light industry is positive related to the emission. It is also the 
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same result as our estimation. With the increase of the number of light industry, there are 
more emission polluted. The coefficient of the number of large enterprises is positive, even it 
is not very significant. 
 
Table 5.2A Regression result of emission from large light industry 
Independent Variables  
(in logs) 2SLS 
Emission Coeff. Std.Err. t p>︱t︱ [95% Conf. Interval]
Monitoring .7713743 0.2203866 3.50 0.002 0.3165186 1.22623
Number of Plants -.3869041 0.7344046 -0.55 0.588 -1.840724 1.066916
Gross output .1107289 0.7196435 0.15 0.879 -1.374542 1.596 
Number of Light Industry .7958063 0.584243 1.36 0.186 -0.410012 2.001625
Number of Large Enterprises .4466728 0.2723757 1.64 0.114 -0.115483 1.008829
Value Added of Industry -.6095264 0.6187229 -0.99 0.334 -1.886508 0.667455
_cons 3.317565 1.129601 2.94 0.007 0.9861837 5.648946
 
2) Median light industry 
It has similar conclusion as the large light industry. The coefficients of the number of 
government monitoring staff, gross output at current value, the number of light industry, and 
the number of median enterprises are all positive relative to the emission. The coefficient of 
the value added of industry is negative relative to the emission. 
Table 5.2B Regression result of emission from median light industry 
Independent Variables  
(in logs) 2SLS 
Emission Coeff. Std.Err. t p>︱t︱ [95% Conf. Interval] 
Monitoring .595379 0.2372945 2.51 0.019 0.1056273 1.85131 
Number of Plants .1935763 0.7413529 0.26 0.796 -1.336501 1.723653
Gross output .2047913 0.5940139 0.34 0.733 -1.021193 1.430776
Number of Light Industry .1313547 0.6127163 0.21 0.832 -1.13323 1.395939
Number of Median enterprises .6833188 0.2905201 2.35 0.027 0.0837147 1.282923
Value Added of Industry -.6796101 0.5713253 -1.19 0.246 -1.858767 0.4995473
_cons 2.869017 1.006446 2.85 0.009 0.7918147 4.946218
 
3) Small light industry  
It has similar conclusion as the large light industry. The coefficients of the number of 
government monitoring staff, gross output at current value, the number of light industry, and 
the number of median enterprises are all positive relative to the emission. The coefficients of 
the value added of industry is negative relative to the emission. 
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Table 5.2C Regression result of emission from small light industry 
Independent Variables (in 
logs) 2SLS 
Emission Coeff. Std.Err. t p>︱t︱ [95% Conf. Interval] 
Monitoring 0.8157164 1.1997011 4.08 0.000 0.4035525 1.227879
Number of Plants 4.966053 2.056505 2.41 0.024 0.7216354 9.210471
Gross output 0.5507633 0.5175211 1.06 0.298 -0.5173478 1.618874
Number of Light Industry 0.5202315 0.5397917 0.96 0.345 -0.5928439 1.634307
Number of Small enterprises -4.606737 1.616203 -2.85 0.009 -7.942416 -1.271058
Value Added of Industry -1.033906 0.5570564 -1.86 0.076 -2.183614 0.1158016
_cons -1.047427 1.00224 -0.07 0.941 -2.994664 2.75178 
 
The difference between the small light industry and large (median) light industry is the 
number of the plants. In the table 5.2C, the coefficient of the number of small enterprises is 
significantly negative to the emission. Production in many plants are in big scale, which will 
brings about the potential tremendous emission because of the machinery. While if there are 
many small enterprises, they will produce less compared with the large and median 
enterprises. They could not afford the expensive machinery and enough capital to run the 
plants. Cole( 2004 ) referred that those industries that are the most reliant on machinery and 
equipment generate greater volumes of pollution than those that rely more heavily on labor. 
In part, this is likely to be due to the link between physical capital intensity and energy 
intensity, but there may also be a positive relationship between physical capital use and 
pollution even once energy use is controlled for. It may be the case that certain complex 
industrial processes, which would tend to be capital intensive, generate more pollution per 
unit of energy than other less capital-intensive processes. From our estimated result, we get 
the same conclusion as them that in China, more capital intensive plants dependent on the 
machinery and equipments will produce more than less capital intensive plants. 
 
4) Large heavy industry 
It has similar conclusion as the light industry discussed above. The coefficients of the 
number of government monitoring staff, gross output at current value, and the number of 
median enterprises are all positive relative to the emission. The coefficients of the value 
added of industry is negative relative to the emission. 
 
 
 
 
37 
  
Table 5.2D Regression result of emission from large heavy industry 
Independent Variables  
(in logs) 2SLS 
Emission Coeff. Std.Err. t p>︱t︱ [95% Conf. Interval] 
Monitoring .7553328 0.2254848 3.35 0.003 0.2899551 1.220711
Number of Plants 1.233256 0.7209711 1.71 0.100 -0.254755 2.721267
Gross output .0787828 0.7305111 0.11 0.915 -1.428918 1.581267
Number of Heavy Industry -.8114173 0.7361506 -1.10 0.281 -2.330757 0.7079288
Number of Large enterprises .4555929 0.2773433 1.64 0.113 -0.1168155 1.028001
Value Added of Industry -.5816907 0.6249986 -0.93 0.361 -1.871625 0.708243
_cons 2.198707 1.021159 2.15 0.042 0.0902483 4.307165
 
The coefficient of the number of the plants is positive. Normally, if there are more large 
heavy industries, consequently, there are more pollution discharges. In China, most large 
scale heavy industries are under the stringent monitoring. It is easy for the government to 
regulate the large scale plants.  
 
5) Median heavy industry 
Table 5.2E Regression result of emission from median heavy industry 
Independent Variables  
(in logs) 2SLS 
Emission Coeff. Std.Err. t p>︱t︱ [95% Conf. Interval] 
Monitoring .5634155 0.2372469 2.37 0.026 0.0737619 1.053069
Number of Plants .3229667 0.6676289 0.48 0.633 -1.054952 1.700885
Gross output .1740548 0.5857684 0.30 0.769 -1.034912 1.383021
Number of Heavy Industry .0260088 0.7390504 0.04 0.972 -1.499316 1.551224
Number of Median enterprises .7133157 0.2830881 2.52 0.019 0.1290505 1.297581
Value Added of Industry -.6646084 0.5677119 -1.17 0.253 -1.836308 .5070914
_cons 2.773168 0.018138 2.72 0.012 0.6718354 4.874504
 
It has similar conclusion as the light industry discussed above. The coefficients of the 
number of government monitoring staff, gross output at current value, the number of heavy 
industry and the number of median enterprises are all positive relative to the emission. Only  
the coefficient of the value added of industry is negative relative to the emission. 
 
What is the difference between the number of large and median heavy industry? The 
coefficient of the number of large heavy industry is negative. The coefficient of the number 
of median heavy plants is positive relative to the emission. According to the data, the 
number of median plants is more than those of the large plants. Since the number of the 
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monitoring staff is limited, it is not easy for the government to discover the potential 
pollutions among the median plants. Consequently, there are more wastewater discharges 
among the median plants. 
 
6) Small heavy industry 
Table 5.2F Regression result of emission from small heavy industry 
Independent Variables  
(in logs) 2SLS 
Emission Coeff. Std.Err. t p>︱t︱ [95% Conf. Interval] 
Monitoring .800394 0.204277 3.92 0.001 0.378787 1.222001
Number of Plants 6.105228 1.897187 3.22 0.004 2.189627 10.02083
Gross output .5334695 0.5202795 1.03 0.315 -.5403346 1.607274
Number of Heavy Industry -.4803027 0.6693723 -0.72 0.480 -1.861819 0.9012138
Number of Small enterprises -4.717762 1.618755 -2.91 0.008 -8.058707 -1.376816
Value Added of Industry -1.023662 0.5605049 -1.83 0.080 -2.108487 .1331629
_cons -.8915812 1.260188 -0.71 0.486 -3.492481 1.709318
 
 
It has similar conclusion as the large and median heavy industry discussed above. The 
coefficients of the number of government monitoring staff, gross output at current value, are 
all positive relative to the emission. The coefficients of the number of heavy industry, the 
number of small enterprises and the value added of industry are all negative relative to the 
emission. 
 
The difference of small heavy industry and the large heavy industry is the coefficients of the 
number of heavy plants and the number of small plants are both negative relative to the 
emission. 
 
And we also find that the coefficient of the number of small enterprises is negative; no 
matter what is a heavy industry or a light industry. In my point, most small enterprises could 
not reach the scale production. The capability of production is limited because they are short 
of the funds to buy the big machines. It could not produce the same amount of pollution 
discharges as the large and median industries. So it is negative to the wastewater discharges.  
 
But on the other hand, they are the most potential pollution industries which are supposed to 
be under the strict monitoring. More and more small enterprises are now growing up in 
China according to the data in 2002. They do not have the sufficient funds to buy the big 
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machines and not utilize the pollution abatement treatments thinking more about their own 
profits. There is a trap in China now; getting the penalty from pollution discharges is much 
cheaper than adopting some abatement methods. So most small enterprises would rather 
discharge the pollutants directly without any abatement treatments. 
 
Maria (2006) found that in most less developing countries, the government monitoring is too 
weak to enforce. Maybe there are so many existing budget constraints and some corruption 
happened. Especially in some countries, they do not have the professional technology and 
skilled labors. And even if the technology is feasible, the institute is too weak to enforce 
economic instruments based on monitoring. But in China, the opposite conclusion has been 
concluded; the government monitoring has a positive influence on the pollution control. We 
utilize the data from heavy and light industries which are divided into three sectors large, 
median and small to test the efficiency of the monitoring. The estimation results are almost 
the same, the coefficient of monitoring is positive to the emission, no matter what are the 
scale and the sector of the industry. It proves that in China, the government monitoring has a 
positive function on the pollution control.  
 
In his paper, he referred to the corruption. In China, the government has taken several 
actions to prevent this kind of things happened. Wang et al.（2002）did the research on the 
program of Chinese green clock, and Wheeler, 1996 also talked about the pilot program 
Grading Factories in Indonesia. It reflects that the governments in the developing countries 
are using different measures to make the government affairs publicly to reduce the 
probability of corruption. 
 
5.3 Effectiveness of the pollution control strategies in China  
Integrated approaches for water pollution control  
The intent of this paper is to find the suitable instruments to control the waster water 
discharge in China Two aspects are considered: one is to use the formal regulations 
effectively like command and control and the incentive-based instruments, the other is to 
develop informal regulations to complement the formal ones. 
 
How to improve the effectiveness of command and control approaches? 
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Command and control approaches contain two aspects: technology standards and 
performance standards. If we change the technology standards to a higher constraint, 
obviously, it increases the costs of the firms. The simulation result of 260 sample factories of 
Guangdong Province (Dasgupta et al., 1997) indicated that a shift of discharge standards 
from Class D to Class A effluent concentrations would entail a present-value increase of 
CNY 330 million in abatement cost. Notwithstanding the differences in environmental, 
economic and social conditions between Guangdong Province, which is along the coast in 
the southern part of China, and the Yangtze Region, the suggestion cannot be avoided that 
the benefits of stricter effluent standards should be weighted carefully against the costs. 
 
Even the plants realize that changing an advanced technology will improve the environment 
and their own production, while considering the costs of running and some internal risk of 
new technology; they would rather use the current technology without changing anything. 
From this point, the enforcement is more important than the standards. Furthermore, the 
static efficiency and the high running cost are the disadvantages of the conventional 
approaches. If we would like to improve the effectiveness of the approaches, it is better to 
combine with some other formal and informal regulations. 
 
How to improve the effectiveness of the monitoring enforcement?  
The effectiveness of the current informal regulation can be improved from three aspects: 
strengthening the power of the monitoring institution; enhancing the community power and 
enacting the public disclosure programme publicly. 
 
1) Strengthening the power of the monitoring institution  
Improving the professional skill is supposed to be the basic step to make the monitoring 
enforcement effective. The governments afford more chances to the monitoring staff to 
attend the training programme in recent years. Let more monitoring staff get the formal and 
professional study. The whole quality of the monitoring team has been improved. At the 
same time, the original amount of the staff is not enough to do the monitoring. Increasing the 
number of the monitoring is the second following step. The government has to employ more 
skilled staff to monitor the environment. Then the power of the monitoring institution is 
getting strengthened. 
 
2) Enhancing the community power 
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The role of the community is incredible in enforcing the monitoring. It could give a big hand 
to the government to regulate the pollution. From the econometric results, we know that the 
community characteristics have strongly influence on the monitoring. Especially the local 
income level and the education conditions are very important. As we know, if the income 
level is high in a certain community, then it is easier for the government to monitor it. People 
in the community will lobby and petition if they are not satisfied with the surroundings. 
They have high consciousness to protect themselves. They know how to use the laws and 
other tools to say no to the pollution. And meanwhile, if more people there are well-educated, 
then they will know how to report the illegal discharges to the government. They need the 
clean environment to live in. 
 
3）Enacting the public disclosure programme publicly 
Cooperating with the community is a principle and effective strategy. The government 
monitoring can not notice all the illegal discharges. And also the government needs to have a 
quick response to the reports from the communities. How to reflect it? Enacting the public 
disclosure programme publicly is a good choice. 
 
On the one hand, it is good for the community to realize that the governments are doing 
something good for them. From some aspects, it reflects the efficiency of the government 
enforcement. On the other hand, it can lower the probability of corruption. The clear 
enforcement forbids some illegal plants to corrupt the staff in the government. The 
government is supposed to give an answer to the community. So it adds a potential pressure 
on the government.  
 
Most importantly, more and more plants are closing their eyes on their own reputations and 
the credits. Once their names are on the black list, it would be a great lost for them. If a 
company does not have a good reputation, then it is not easy to find an ideal partner. The 
future partner is not willing to cooperate with a company with bad credits. 
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Chapter 6 Suggestions and Conclusion 
6.1 Introducing the tradable discharge permit 
An introduction of tradable permit system 
Controlling the industry pollution optimally, the tradable discharge permit maybe is a good 
try. Although it is not used in China till now, it is still a challenge for us to test whether it is 
permittable. 
 
Tradable discharge system is one of market-based instruments. It is incentive and flexible to 
minimize the costs to the low level. They are always used in the case of controlling the point 
source and non-point source pollution. It can be used not only for one source, but also 
suitable for several kinds of sources. The total maximum discharge is always set by the 
policy makers. And then allocate all the permits to the plants in the manner of issuing the 
permits about the amount and the time for using. After this allocation, then the permits can 
be traded in a certain market. The trades can be external (between different enterprises) or 
internal (between different plants within the same organizations) (WHO/UNEP, 1997). What 
has been referred above, in a conventional viewpoint, we assume there is no transaction cost 
existed.  
 
Here a question arises. How to motivate the plants to use the tradable permits instruments? 
In my opinion, the transaction costs should be considered in this condition. In China, the 
current formal instruments include the conventional instruments like command and control 
approaches and the immature market-based approaches like the pollution charges. How to 
motivate the plants to use this new approach is worth thinking. Here the informal 
instruments have some significant effects. If all the plants are under high monitoring, the 
plants know that if they will exceed the cap of limitation, they would buy the permits from 
others, rather than discharge the pollution illegally. From the above, it can be inferred that a 
tradable market is demanded.  
 
What have been concerned above that the tradable permit system is suitable for several 
mixed substances. Normally, the pollution in the water is not only one contaminant. In fact, 
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there are always several pollutants together. That will lead to some positive or negative 
effect on the water-based ecosystems. Definitely, the mixed contaminants have greater 
negative influence on the water quality. From several references, we know that the tradable 
permit system has some effect on relieving the pollution condition in the water. Most 
successful projects have done in the western countries, especially in the United States and 
Australia. They have abundant experience in using tradable permits approaches.  
 
Nowadays, Chinese governments focus more on the tradable discharge permit based on the 
past regulation control and the pollution charges. It is a tenable try for us to control the 
wastewater pollution. Before we adopt this kind of instruments, we can have a look on the 
achievements got by other countries. In the past decades, this mechanism was prevailingly 
adopted in the western country, especially in the United States and Australia. They have a 
solid science background and a long term history records on these researches. There are 
some international examples available in this part. We can have a wide review on the cases 
that have been chosen. Then we can draw some lessons from these projects to achieve our 
goal. 
 
The pollution types can be separated into several parts, like organic oxygen-depleting 
substances, nutrients and salt. Of course, there is no less than one pollutant in the water. We 
only can choose the distinct factor to analyze. So that is why the examples available are all 
relative individual substances. Unfortunately, we do not have the examples of mixed 
substances. There is still open in this research field. Consequently, there are only some real 
examples for the study of tradable permit system in river. 
 
Case one: Hunter River, Australia 
A salty trading program has been enforced since 1995 as a pilot project. The intent of this 
program is to deal with the problems of saline discharge to the Hunter River. 
From this case, we can infer that firstly, a long term data and information should be collected 
and also the characteristics of the river should be recorded. Secondly, the importance of 
informal regulations is significant before enforcing the formal regulations like conventional 
regulations and the charges and subsidies. This pilot program is from 1995 to 2002. it has 
been seven years for the policy makers to have an extensive consultation with the 
communities. Finally, the scheme is supported by the real data and trading with continuous 
measurements of river flow and salinity. (Kraemer,1999) 
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Case two: Fox River, the United States 
The program is about the trade of organic pollution rights. The result from this program is 
discouraging. This trade is between the point sources. Point source of water pollution can 
trade the discharge permits that increase the demand of BOD. If the sources emit the 
discharges below the standard, the sources are permitted to trade the excess reduction to 
other sources. The market works inefficiently. The constraints on the firms and the 
increasing costs resulted from the stringent regulations lead to the failure of the pilot 
program.  
 
The lessons from the cases 
From the above analysis, we can conclude that the enforcements of tradable permit system 
are mostly efficient on the condition that there is only one pollution substance. There could 
be many substances traded in the market, not restricted on only the same substance. 
 
There are few programs of the trade of salinity in the world. It has been only enforced in 
Australia to this day. From their experience, the combination of formal and informal 
regulations is demanding. Especially the frequent and continuous visiting is vital before the 
enforcement of the project. The impediment or the facility of the trading depends on whether 
the informal regulations work effectively. And collecting the data and information for a long 
term is also very important. It is good for the policy makers to know the further knowledge 
of the object. If the cost of monitoring is inexpensive, then it is a good factor for trading. 
 
Experience with organic pollution trading has so far not been very encouraging as illustrated 
by the case study on the Fox River in the United States. However, it appears that this is 
largely due to a lack of understanding about abatement technologies (and their costs) when 
the permit trading system was established. (Kraemer, 1999). Nevertheless, tradable permits 
for organic pollution could create an incentive for polluters to identify further possibilities 
for abatement not apparent to the command-and-control regulators, and therefore not 
attainable within the existing regulatory regime. 
 
From the statements above, we can conclude that the combination of formal and informal 
regulations is necessary. From the experiences in the United States and Australia, enforcing 
the informal regulations before the formal ones is a better way to get the desired results. 
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Definitely, since the laws and the regulations are different due to the localities and the 
countries. Therefore, not only the experience with trading, but also the pre-conditions should 
be paid attention to. 
 
The tradable discharge permit of water is specified in this section. There are some aspects 
should be considered below. 
 
Normally, before enforcing the tradable permit system, some conventional regulations and 
the basic market-based instruments are available. It means that there is a system for 
controlling the water pollution. Based on this kind of system, the monitoring system is also 
established, consequently, the data and information of controlling are accurate and reliable 
for a long term. Then it is good for the trading program. Due to the stringent monitoring, the 
cases of non-compliance are exposed in a short time. The firms will get the fine if they 
violate the regulations. Since the illegal discharges are easily detected, the firms prefer to 
trade the permits with other firms. 
 
The combination of formal and informal instruments provides a nice market to facilitate a 
trade of the pollution control. Actually, there is a need for compatibility and coexistence 
between tradable permits and existing regulatory instruments, in order to overcome the 
various forms of opposition that innovative policy may encounter.In general terms, several 
elements and factors should be discussed during the planning phase of a tradable pollution 
rights programme, namely the kinds of pollutants that can be traded, the geographic scope of 
the scheme, the eligibility criteria of the participants entering the scheme, the types of trade 
desired (including point, non-point sources), any trading ratios that may be appropriate in 
case non-point sources are included in the scheme. It is necessary to have a pilot stage to 
explore and deal with the relative things before spreading it nationwide.  
 
According to (USEPA 1992a, b), the third condition is that the total maximum load 
allowable have been established. Here what has been mentioned is the load, not the 
concentration of the effluent discharge. Definitely, we have to consider more about the 
consequence of trading. Probably, there would be some hot spots where the concentration of 
the effluent discharge is pretty high. 
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6.1.1 How to find an effective way to control the effluent discharges?  
 
Monitoring is a good assistance. Kraemer and Bahnholzer(1999) referred that The 
monitoring system would need to be designed to provide data of such quality that they can 
be used in court for the resolution of any conflicts arising from the use (or abuse) of tradable 
water pollution rights. Regulators must provide safeguards to ensure that overall 
environmental quality is maintained or enhanced while preserving the flexibility necessary 
for pollutant trading. To avoid highly degraded localized areas, trading programs must 
consider the location of potential partners in the watershed, the size of the watershed where 
trading can occur, compliance records of trading participants, as well as enforcement and 
monitoring issues (National Wildlife Federation, 1999).  
 
6.1.2 How to define the tradable discharge system?  
 
Here only the point sources are mentioned. The system is various due to the types of the 
discharges. In general, the limitation of the total amount of the discharges is specified. Then 
each permit is allocated among the sources. This is the starting of the tradable discharge 
system. If the system requires emissions to be measured, the conditions under which these 
measurements take place need to be defined and standardized. If emissions levels of 
individual firms are already monitored in the context of regulatory enforcement, it may be 
possible to adapt existing measurement procedures for the introduction of a trading system. 
The system has been established. The policy makers have to consider more about the 
economic aspect of controlling the pollution. It is a vital circle to facilitate the enforcement 
of the approach. According to (USEPA 1992a, b), there should be sufficient point sources. 
The sources would be the potential entities in the trading market. Another case is the trading 
of the non-point sources. Once a tradable permit regime is functioning, its continued ability 
to meet environmental and resource requirements must periodically be evaluated, including 
its ability to respond effectively to new (emerging) challenges. The regime should also be 
adaptable to account for changes in the boundaries of the system, such as an expansion of the 
territorial coverage and the emergence of unforeseen long-distance effects (Kraemer, 1999). 
However, it needs to be considered that in order to guarantee security for tradable rights and 
therefore willingness to trade, it is not advisable to unexpectedly revise the rules of the game; 
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it is advisable to avoid revising the rules in a way that might jeopardize investments already 
made or might extensively challenge the value of permits. As part of a compromise between 
permit security and programme adaptability, it is proposed to specify beforehand the 
conditions under which the rules of the game may be changed in terms of timetable, changes 
in caps and baselines, rules for the allocation of rights or an extension of the scheme(OECD, 
2001). It is also important that “ground rules” about the relationship between trading and 
regulatory limits be made sufficiently clear at the start of the system. Otherwise, potential 
participants in trading may be discouraged for fear that trades could affect their subsequent 
treatment by the regulatory authorities (for instance, in the case of the Fox River, the 
relationship between trading and regulatory limits was not made sufficiently clear at the start 
of the system). 
 
Tradable discharge permit is feasible under the following conditions: (USEPA 1992a, b). 
(1) that there is an identifiable catchment,  
(2) that there are significant and sufficient points sources,  
(3) that the total maximum load allowable have been established, 
(4) That there are accurate and sufficient data,  
(5) that the concentration-based discharge limitations must be met at a minimum, 
(6) that there is a large difference in treatment costs across dischargers,  
(7) that the tradable discharge permit system be accepted by the community and regulatory 
agency, 
(8) that an adequate institutional structure is in place,  
(9) that there is adequate compliance incentives and enforcement mechanisms. 
 
Assessing the feasibility of this program using Haihe as an example: 
 
1. There is an identifiable catchment. 
The Haihe River can be identified as a discrete segment. Due to the paper by Cao(2005), It 
can be inferred that trading permit system could be confined to selected sub-zones of it, not 
the whole region. 
 
2. There are significant and sufficient point sources. 
Point sources have a significant influence on the water pollution, definitely, the non-point 
sources contribute to the water pollution to a certain level. There are thousands of plants 
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along Haihe River. The municipal and industrial sources are so sufficient to form an 
incentive trading market. Controlling the point sources is easier than the non-point source 
according to the current and planned discharges. 
 
3. The total maximum loads allowable have been established. 
The total maximum load allowable has been established under the current permit system. A 
detailed tradable discharge permit program could be developed on the basis of the current 
permit system, or the total maximum load allowable and total reduction targets for the 
regulated pollutants could be developed. 
 
4. There are accurate and sufficient data.  
China's State Environmental Protection Administration (SEPA) has accumulated accurate 
and sufficient plant-level data on wastewater characteristics of the major dischargers for 
development of pollution control options. They are drawn from a nationwide database of 
thousands of plants with serious pollution potential, which are monitored by the national 
authorities. 
 
5. The concentration-based discharge limitations must be met at a minimum. 
Normally, the total maximum loads allowable are developed and enforced for catchments 
where concentration-based discharge requirements could not maintain or attain the 
designated water quality objectives. In such a case, total maximum loads allowable are 
assumed to be the more stringent discharge limit. All the industrial dischargers in the 
catchment must, at a minimum, meet the concentration-based national discharge standards. 
(Tao, 2000) 
 
6. There is a large difference in treatment costs across dischargers. 
Due to the discrepancy of plants characters, such as age, scale, state-owned (collectively 
owned, privately owned) and so on, definitely, each of them treat the wastewater in different 
level. Some have high technology to treat the wastewater efficiently, while others can only 
treat the wastewater at the basic level. There is a wide range of marginal abatement cost, 
which provides an incentive market for trading. 
 
7. The tradable permit system is accepted by the community and regulatory agency.  
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In generally, China has licensed the rights to trade permits. The Provisional Method to 
Manage Permits for Water Pollutant Discharge, a circular released by the National 
Environmental Protection Agency of China, pointed out that the discharge allowances for 
water pollutants could be transferred among the local dischargers. China’s Environmental 
Protection Action Plan (1991–2000) approved by the State Council stated that a detailed 
policy on pollution permit trading needed to be formulated in the 90s. The decision whether 
to adopt trading to meet total maximum loads allowable is up to the local governments. (Tao, 
2000) But it is a tough task to enforce since there are some management problems unsolved 
and it also takes some time. The local government can not enforce this act effectively 
without the cooperation of community. What’s more, the fund resources are not sufficient to 
enforce this program. 
 
8. An adequate institutional structure is in place.  
The region does not have a capacity for environmental monitoring adequate to support a 
trading program recently. The local environmental protection bureaus are supposed to be 
good candidates, although they do not have enough capabilities to enforce currently.  
 
9. There are adequate compliance incentives and enforcement mechanisms.  
There are not enough formal regulations to enforce. The government only uses the 
conventional regulations like command and control instruments and some immature market-
based instruments like pollution charges and subsidies. And also the monitoring is not 
stringent enough to detect some illegal discharges. Bargaining is the predominant 
phenomenon in economic activities in China owing to the special relationship between the 
government and the enterprises (Yun,1997). NEPA has found some existed problems of 
enforcing these regulations and is also trying to find some assistance to facilitate the 
enforcement. And the function of communities is also working. Through the media, the 
illegal discharges are exposed. Then the fame of the enterprises is destroyed obviously. 
Consequently, it is also an effective tool to control the pollution.  
 
6.1.3 What should be concerned to facilitate the trading program? 
Firstly, preparing the accurate and reliable data for a long term is a very important part 
before enforcing the trading program. From some aspects, it can show the policy makers 
whether this program is feasible. For instance, we can know further about the characteristics 
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like the physical parameters or the chemical substances of the water pollution in a specified 
object. Collecting the data for a long term is also good for a stage of pilot program. From the 
case of salt trading, it can be inferred that consultants with some potential entities helps the 
decision of policy makers.  
 
Secondly, allocating the permits to each source should be specified.  
 
Thirdly, assurance and acceptance of rights in emissions and the accompanying trading rules 
are, next to an effective administrative and legal system, seen as a prerequisite for a 
functioning trading system. Assurance that the scheme will continue to function can be 
promoted through the legal establishment of a scheme or other form of stable framework and 
rules of the game. It is particularly advisable to avoid revising the rules in a way that might 
jeopardize investments already made or might extensively challenge the value of permits. 
(Kraemer,1999) 
 
6.1.4 What should be concerned to impede the trading program? 
In China, there are many various regulations from different government departments. It 
means the sources will pay different fees to the specified departments. The limitation of 
trading is obvious. Even though the total maximum loads allowable has been established, the 
changes in the pollution loads are not easy detected because of the problems in the 
techniques. The effects of water pollution are not independent of where and when this use 
occurs. Any trading which shifts water use in space or time has to account for the 
consequences on other water users or ecosystems. Trading of pollution rights can lead to so-
called pollution “hot spots”. While this does not make trading an impossible proposition, it 
may constitute a severe restriction in certain situations. (Kraemer,1999) Water trading for 
water pollution control, as much as for water abstraction, can only occur within restricted 
geographical zones with common ecological and institutional significance, such as sub-river 
basins regulated by appropriate water institutions. (Kraemer,1999) 
 
From the analysis above, the tradable permit system can not be enforced along the whole 
region currently. It has not achieved the suitable level. But maybe we can try setting some 
sub-zones to enforce the pilot program. 
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The point sources have a significant effect on the pollution. It is reasonable to restrict the 
scope to the point sources along the Haihe River. 
 
6.2 Increasing the significant sector of informal regulation 
 
On the one hand, when the formal instruments are weak or absent, the informal regulation 
will facilitate the pollution abatements; on the other hand, even though the formal 
instruments are not absent, the informal regulations are still complement tools for reducing 
the pollutions. From the viewpoints of (Pargal et al. 1997), the communities will have 
bargaining with the local plants to reduce the pollution. They fight for their own interests. 
 
From the models above, we know that the price under the informal regulation is implicit. It is 
only an expectation, not the certainty. It is at least as big as the explicit price under the 
formal regulation.  
 
The education and the income level have significant effect on the enforcement of informal 
regulation. The community with higher level of education and information may give 
appropriately high weight to pollution because they are aware more about the environment 
quality. They know more about the consequence of pollution and the risk of pollution. They 
would like to complain about the adverse polluted environment through prosecution. They 
will force the local government to shut down the plants which discharge pollutants illegally. 
On the other hand, the communities consisting of the poor, who get low education, do not 
mind the environmental quality around them. To a certain level, the rent there is pretty lower 
then other places because of it. The rich escape from it, on the contrary, the poor have no 
choice but to move in. 
 
It is better to enforce the informal regulation in the richer field. The habitants there have high 
consciousness about the environmental quality. They prefer to live in a healthy place. And 
enforcing the informal regulation is also very normal in the industrial places which have 
terms of uniform regulatory norms. The local aptitudes and the capabilities of the 
organizations have significant effect on the abatement of plants. 
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6.3 Integration of diverse pollution control approaches 
1) The relationship between the formal instruments 
Assume that there are only two alternative approaches for pollution control. One is that the 
government imposes command-and-control pollution abatement, for instance, the mandatory 
installation of abatement technology by all regulated polluters regardless of their differential 
compliance costs; the other is that the government adopts the market-based approaches, 
which regulated polluters can freely trade to minimize compliance costs. 
 
The ideal case: 
Assume it is running under perfect property rights, perfect information and perfect markets. 
The role of government is to stand aside and let bargaining happen, once it has completely 
specified and allocated. 
 
The real case: 
Lack the sufficient information, the misallocation of property rights and imperfect market is 
normal. The whole market does not work without the govern ment intervention. The benefit 
increases with the quantity of abatement, and the costs will depend on the amount of 
abatement and the level of uncertainty about future costs. 
 
Market-based approach is more efficient than the command and control approach. 
 
Assume the entire firms meet the same target; sometimes the conventional instruments are 
not good as the market- based ones. Of course, we believe that establishing the uniform 
norms can restrict the discharge of pollutants. The intent of these norms is to command 
relatively high costs in the process by forcing some firms to resort to unduly expensive 
means of controlling pollution. In general, the cost of controlling the pollution varies in a 
wide range among the firms; and sometimes even in the same firm, using the same 
technology to deal with different sources is not appropriate. The difference of controlling the 
costs lies in the firms properties like the size, asset, production design and so on. One survey 
of eight empirical studies of air pollution control found that the ratio of actual, aggregate 
costs of the conventional, command-and-control approach to the aggregate costs of least-cost 
benchmarks ranged from 1.07 for sulfate emissions in the Los Angeles area to 22.0 for 
hydrocarbon emissions at all domestic DuPont plants (Tietenberg 1985). 
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Under the case of high abatement costs, low monitoring and enforcement costs 
High abatement costs would lead the government to prefer market-based instruments over 
command and control instruments because most of abatement under market-based 
instruments will come from relatively low-cost abatements, hence under command and 
control instruments, all regulated plants must reduce emissions by the same amount, 
regardless of their differential costs of abatement. Meanwhile, because monitoring and 
enforcement costs are low in this situation, they will have less impact on the overall cost 
structure. Obviously, market-based instruments are better than command and control 
instruments. Consequently, the total costs of market-based instruments are likely to be lower 
than the total costs of command and control instruments in this case.  
 
Due to the high abatement costs, the government prefers to the market-based approach. Due 
to the low monitoring and enforcement costs, it has less impact on the overall costs structure. 
The total costs of market-based approach are lower than the command and control approach. 
It is a conventional standpoint that command and control approach is less efficient than the 
market-based approach. For example, simulations suggest that the proposed emissions-rights 
market for curbing acid rain in the U.S.A could save $1 billion annually in comparison to a 
command and control approach in which scrubbers would be required on selected power 
plants. From the theoretical point of view, a similar result will be achieved through the 
introduction of appropriate emission tax. 
 
While in another case, given political and technological constraints, the command and 
control approach is more efficient than the market-based approach with low abatement costs, 
high monitoring and enforcement costs.  
 
Improving the environmental quality is relatively inexpensive, the technology exists that will 
provide additional units of pollution abatement at low marginal cost. By contrast, under the 
technological constraints assumed in this case, market-based approach may not provide an 
effective or efficient solution. For instance, the government wishes to reduce emissions by 
50 percent. To accomplish that under market-based approach, the authorities must (1) 
determine current emissions levels, (2) divide that amount in half, and (3) allocate the 
remainder among the regulated polluters. Subsequently, it would have to (4) continuously 
monitor their emissions to ensure that they did not exceed their quotas. But lacking the 
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ability to monitor emissions at individual sources, the government would be unable to 
complete steps (1) or (4), which would prevent a transferable pollution “rights” program 
from ever getting off the ground. Polluters would have scarce incentive to either abate 
emissions or trade allowances if their emissions levels could not be measured. (Cole, 1998) 
 
In this case, it seems obvious that the conventional instruments (command and control 
instruments) would be more efficient than the prevailing instruments (market-based 
instruments). Since they do not depend more on monitoring the point sources one by one, 
they are relatively efficient compared with the program of tradable discharge permit.  
 
Both of the cases stated above are static efficiency. 
 
2) The relationship between the formal and informal instruments 
 
Nowadays, the role of informal regulations is getting more concern than before. They can 
not run well without the complement of the formal regulation and the incentive markets. The 
enforcements of these regulations are still limited in some circumstances. For example, the 
communities are expected to have a higher education and the income. Then these groups can 
assist the government and the society to control the pollution effectively. But in fact, 
especially, there are not many rich communities living in the region of Haihe. The local 
governments are supposed to propagandize the laws and the norms to let more people have 
the consciousness to protect the environment around themselves, at the same time, learn how 
to attain their own rights using the tool of law. 
 
The functions of informal regulations are only adjuvant to the formal regulations. We can 
not expect get the ideal results using informal regulations to control the pollution without 
other instruments. We only can say, it is only an assistant of the formal regulation, fastening 
the enforcements of pollution control. If all the people have the enough consciousness, then 
it is easier for the governments to monitor the firms and get the first hand information of 
illegal discharge. Then the efficiency of working is very high. From the statements above, 
we can conclude that the role of informal regulations is significant.  
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Conclusion  
According to the econometric result, we know that in China the government monitoring has 
a positive effect on the control of wastewater discharge. From the figure of government 
monitoring stuff, it shows that the government monitoring enforcement is getting stronger 
and stronger. There are more and more stuff obtain the professional training, which backs up 
the government supervision. And also the community characteristics like the local income 
level, the education level and so on have significant effect on the government monitoring. 
The communities with well education and high income do much better than other 
communities. Using Haihe River as an example to test the efficiency of monitoring relative 
to the community factors, we also get the similar result as we got in the analysis of data. On 
the one hand, it could be a potential push to the government enforcement, since all the 
government behaviors are transparent. It can avoid the corruption in some case. And on the 
other hand, it puts some pressure on the plants. The plants are closing their eyes on the credit 
and reputation, since those are vital factors to influence their benefits. 
 
This paper shows that the high level of wastewater discharge attracts more chances of 
government monitoring. But through the econometric results, there shows weak positive 
monitoring effect on wastewater discharge. It maybe underlies the malfunction of the 
institutions.  Since we do not have the time series data, we could not infer a causal 
relationship between monitoring and the reduced wastewater discharge. There is an 
important task for other researchers to examine the impact of lagged inspections on 
emissions. 
 
How to control the wastewater discharge optimally is the question of how to integrate the 
formal and informal regulations in China. Both of them cannot be separated to enforce, if we 
want to reach the optimal control of industrial pollution in water. The relationship between 
them is complement, not supplement. When the formal regulation is weak or absent, the 
informal regulation can play an assistant role to control the pollution. From what has been 
suggested above, introducing tradable permit system in China perhaps is an interesting try. 
However, at least currently this instrument is not applicable in China; we should try more to 
get further information to fulfill relatively simple and tractable empirical exercise assisting 
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the governments to achieve this project. 
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